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S ° l ™ «i OTR1BUTED VIRTUAL TANDEM 

» AT M-BasedD.stnbutedV lrt ualTa feence in to entireties. 



E^^" (o fte field of ^communications. Mo re 

- — — :::::: - 

synchronous transfer mode (ATM)-based 

2 EjcJsiimBsUnfiiD^^ (VT0A) technology, 

entitled "ATM-based J ^ u ted network system architecture. The 

^hitecturerepresentsanewparadtgmofn d operate the new 

^networks. Animportantconsideratton ^ * ^ ^ 

ATM-based virtual tandem switch ^ (TDM) tandems. 

reli ably than current time diviston multiple (T) ^ ^ 

hand, the virtual tandem improves system rehamh y 
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S01 , . ^failures On the other hand, a greater number 

of network dements is involved, and thus *e ^ ^ 

feil ures ma, increase. Because the virtual ^ ^ 

^oUmna.a.itisimperativeforthev^tandernsdes.gn 

level of survivability. irtual tandem 

^present— '^--^"C-*^^ 

^providesso.utions.oredueeandsurvtvefa d^ 

d esign and engineering firemen, upon eo^p- ^ 

j t+ ic therefore a primary object ui u» ^ 

to employ these requrrements for use 

engineermgthenetwork, ^ call pro cessin g employs end 

WithreferencetoF,g.lofmedr g orbolhtandenl trunks 12 

- - ^ ** 18 TT Z co^toitsneighhoringendoffiee .Oand 

inefficiency and high operates cost. ^ m 

A „ ew voice trun^ ^ - ^ Z^Z. Oistrihuted Virma, 

offi ee swttches 20, 26 are on ^ ^ tQ each 

W orking — (T-IWF) dev. 2,2 ^ ^ ^ ^ 

end office 20, 26, and are controlled by 
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: S01 t„, CS-IWF 28 performs call control 

working tarf- (CS-IWP) device* I T si8naijng SystemNo , 

tactions as we" as converse between the MCS . m 28, 

^dthe ATMnetwork30 formthe ATM-based ^d ^ ^ „ 

— - — (svcs) ' thu i 

done in TDM-based trunking networks. 

which; . i TDM telecommunications network architecture; 

Fig . , showsaeonvent,ona. TDM teW — ications netwo rk 

Fig .2showsa^virtualtrunkmgoverATM 

^"tws an end offtce architecture and its re— «i<» an ATM 

8 ' ♦ p nresent invention; and 

Fig . 5 shows an SMS connected to an AlN 

5 aspect of the present invention. 
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* T h tr:: - - — — ^ m &i,ure 

— — 

imp act of failures. a control ^ signaling 

AccordingtoanembocHmentofthepresent 0Asystem 
* ♦■ rrsIWF) complex is provided for use within a v 
interworking function (Cb-iwr; ^ V TOA system includes 

— — ^ indude5 raul ti pl e CS-1WF 
functions (T-IWFs). Th ^ ^ ^ ^ 0 „ e rf(he 

connectedtoatleasttwooftheATM . tiole process ors with at least one 

• « B»phCS-IWF unit has multiple prucc 
signalingtransferpoints. Eacni. ™ enaC S-IWF unit fails, at least one 

^essotoo.pensatingfotafai.eOprocesso, ^ ^ 

othet cs-IWF unit compensates for the fa. ^ ^ 

f thP failed processor cooperate 
compensating for the lane F kx survives 

simplex failures. lex includes multiple 

^ to anothe, ^ „ one ot the mateo 

si , al in g ,i A sets. BaonU^tcoim, * ^ ^ ^ 

connect to each of the CS-1WF units. » ^ 
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r— ^.Alternatively processorsoperateinaload 

sharingmode. nftheCS . IWF units is located in a building separate 

Preferably, at .east one of the CS IW ^ 
fromabuildinghousingat least one other of the CS IWF 

— g to t :x : p - — " m a ™ 

U provided for use w,«h a VTOA sy ^ ^ ^ 

network including in— ed — ^ of ^ vtoA 

Tne end office building includes multtple T-IWFs, w 

system. Each WW - multiple ^^74^1.^ 
a portion of a failed T-lWTs worUoad. * - ^ ^ fc 

— «— T S rr^sor cooperate with WW*, 
processors) compensate fo » ^ P ^ ^ ^ ^ offic e 

absorbing at least a porUon of the faued 1 

building survives simplex failure, fficebuMingals „ includes a, least 

Aecordingtoanomerembodtmen^eendo 

one add/dr0 p multiplexor (ADM) « — ^'^1 meeting to 
network. « each T.WP also mcludes^ 
the ADM. The optical interface supports SONET 

switching - T IWF connects to a first ATM switch that is 

,i atm switch to which another n™ r 
different from a second ATM w«c ^ ^ . { ^ ^ ^ 

end office building connects to muluple ATM 

fails, the end office building remains connected to the ATM 
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S ° l u a- t nf the oresent invention, a method is 

According to another embodiment of the present 

r r atm link in a VTOA system. TheVlUA 
for recovery from a failing ATM link in a 
provided for recovery interconnected by 

• , a on ATM network having multiple A l m swum 
syst emmc>udesatATM *w ^ ^ ^ method 

ATM links, mump. " W ^^^^f^p.ede— — 
indudes delaying recovery ac.,on ,n the ATM ^ 
whil eSONETrecoveryof t hean kl sat t e m pted. IftheSONE ^ 

i „h the ATM network stays up. If the 

^predeterrnineddurationis.OOn.mUeco.d, ^ ^ 

According to a further embody of*. ^ 

1W Fs, and at least one CS-IWF complex 

— — :;:Zt P r; -H.anagernentsysten.nn, 

Each switch management system un y 

Preferably.theprimaryswitchmanagementsystemunrttslocated, 

Pret y, . . backup switch management system unit. In 

fr - abUildi " gh0US,ng rlm unit >s connected to multiple ATM 
addition, each switch management system 

According to ye. another embodiment of the present invention, a method is 
Acceding toy manag ement system operatmg 

provided for restoring flmctrons of a faded sw 

vTOAsvstem The VTOA system includes an ATM networ 
wrthm a VTOA system. ^ 

multiple ATM switches, muluple T-lWFs, and 
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2. _ — — — «• 

r .k. VTOA svstem; restoring hill surveiiuu^ F 
billing functions of the VTOA sys ^ 
VTOA system; restoring configuration management of the V 
storing performance management of the VTOA system. 

! , to vet another embodiment of the present mventton, a VTOA 
According to yet anoura switches, 
system includes an ATM netwo* having multiple -~ ^™ 

. The VTOA system also includes at least one Ci> iwr 
VTOA system. The VTOA y switches ^ 

u- i„ r<J TWF units connected to at leasi ^ 
including multiple CS-1W* unus le 

connected to at least one of the signaling transfer * addition, 

-TOAsys— ch^s — 

• ,,udina multiple switch management system units. At least 
ffl anagement system includmg multip ^ ^ ^ 

disjointed routes between any two end pomts ^ & 

^ df0t Tt C 2:i multiple ATM switches, - a 

™g— l.Z-.ceb-ngsa.providedforinteractionwith.e 
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which are part of the VTOA system emitting from the T-lWFs 

. TiWFs in a load sharing manner; and transmirang 

the switch to the T-IWFs m a to commu nications surv.ve a 

t0 the ATM switches in a ioad shanng manner. Thus, 

simplex failure in the VTOA system. ^ 

Accordingtothepresen.mvent.on.thefollow of 

., t iWF failure- ATM network fauure; and SMS tailure. 
CS-1WF fadure; T-1WF fadure, ..^^ measures to protect 

against and survive these failures, bacn fflU ure is the occurrence of a 

network elements. To surv.ve ^ ^ tQ lB 

neW ork must be able to continue to operate and recov 

norma, or to a compromised level of performance. 

cs-rwF 

is not acceptable, and therefore the CS-IWF require 

„ .„„ CS 1WF units include the Connects Gateway from 

ExemplaryCS-lWFu ^^el Networks Corporauon. 

lnc , and me Success.on C* ^ 3Q0 ^ includes 

Figure 3 shows a des.gn for a rehab ^ ^ 

mu.tip,eCS- W Ptmits3,0,3 2 0,330. a sing)e point code, 

IW complex 300 servmg a - - ~ ^ ^ ^ „ 

regardless of how many individual CS IWt 
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'■SO* , , tUa pc twF complex 300 

■ ,„ Fieure 3 a general case is depicted where the CS IWF c p 

XsM 320,330 tore aso.o trel ia b i 1 it y o r p r oce SS in g capac, V . 
in e,udes of „ CS-IWFs 310 ^ m ^ operate ln . 

A special case occurs when n - 2, in wm 

load sharing or active/standby mode. m 

330 must be highly reliable. To ^ 

k r«5 TWF 310 320, 330 for protection against pru 
provi dedwi to ea C hCS-^ 3 j ^ ^ ^ „ shown> 

In Figure 3, processor 0 » 3* ^ ^ ^ m0Ie ptoce ssors can be added 

aithoughoneofordmarysMlmtheartwU dundant processors 

^outdepaningftom.hescopeofO.epresentrnvenUon There 

„ u IWF complex 300 must contain spare capacity 
Each CS-IWF compi processing 
. _ „f ihr rs-IWF complex 300 dictates uk p 
specific architecture of the CS 1W P J10 

capacity reared. For example, in a convex 300 wh^ ^ ^ 
fails , fll cremainin g C, I WF320m., b eaHetohan ° 

^ failed. CS-fWFs 3,0, 3,0, «^ « ^ . 

CS-IWFcom P ,x300m U st,,ta,nat-- S ^^,,^3,0, 
m aCS-IWF complex 300of n un,s,«P< bjective is that the loss 

c omplex300asawh„,. In ^a mode> all „ cS-fWFs 3.0, 

active, and * operate in standby mode, ln th „ theCS . IWFs3 10should 
3 2 o,330n m at,evels.esstha,maxi m nmsuchmat,foneof^S 

faiU ts processing ,oad can be *orbed by the remaining CS-IWFs 32 , 
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shut down the entire network, minis 

^ NWT 002550, (Technical Considerations for NEBS-2000), tn 
,„ andSR-NWT^SSOA hv reference in their entireties, for more about 

of which are expressly incorporated by reference 

NEBS level 3. . j ™ 380 operating in a 

Asisw ellknown,STPsty P icallyincludemate< 1 pa 1 rs370,3 8 

,i.hilitv To take advantage of the mated STPs 
l0 ad-sharing manner to increase reliability. To tak 

, , qtps 370 380. Moreover, within a CS-IWfcomp 
localmatedSlr-ss/u.^v confisuration that 

• „ n «n 330 are connected with the signaling link sets in a contigu 
umts 310, 320, 330 ar co ^ ^ fr om ^ 

20 signaltagnetworkasaresultofahnkorhn nFipJIe3 .The 
suc h interconnection using signaling gateways 3 0, 3 
CS-WF complex must support low-speed signaling 1 nk 0* 
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for example ATM UNI or 0 f the CS-IWF complex 300 and 

^ S ^ Ungg ™ o 3^,330. ThesignaHnggateways 

distribute SS7 signaling to each CS-IWF umt 10, 3R0 to CS-IWF 

350 360 form an interconnection network that connects STPs 370, 380 CS 
5 t o 320 330 inonnerwords.ti.e^alingga.ewaysareadis.ibuuonvehrce. 

un.ts310,320,33O. Conne ction Gateway Signaling Node, 

An exemplary signaling gateway ,s the Connection 

m an U facn 1 redby L ucen t Techno.o^.n, 330 maintains an ATM link 

•o with two different ATM switches 390, ^ ^ SMS (not 

complex 300 can communicate with 1 lwts, o 

T • Fie 3! Preferably the ATM switches 390, 395 are on separate SONET 
rr™ — 390,395. Accords ,0 this embody the we,, known 
15 , + , automatic protection switching (APS) is not required. 
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T-IWF 



components (e.g., proce^ui; lucent 

, TIWFs include the 7R/E Trunk Access Gateway, from Lucent 
Exemplary T-IWFs incmoe 

Te chno.ogiesInc,anduieSuccessionMul«-scrv.ceGateway4000(MG4 
Nor te,Networks Corporation. ofanendofficebuild i„ g 400and 

Fi ^ 4 ~" eX *r figure 4 a Cass 5 end office bunding 
its relationship to an ATM network 475. In F.gure 4, 
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(EO) 400 includes a switch 402, associated T-IWFs 404, 406, 408, which should be 
NEBS level 3 compliant, and a SONET add/drop multiplexer (ADM) 410. 
Exemplary switches include Cass 5 switches such as: the Lucent Technologies Inc. 

1AES S- the Lucent Technologies Inc. 5ESS; the Ericsson AXE-10; and/or the 
, Northern Telecom (Nortel) DMS-100 switches. In Figure 4 a general case is shown 

w heremul,ip.eT-IWFuni B 404,406,408,aredep,o y edinanendofncebu 1 ,d,n g 400 

for re asonsof reliability or capacity. Almough the switch 402 and ATM sw.tches 
420 430 shown in Figure 4 are not co-located in the same end office bu.ld.ng 400, 
such co-location may occur in outer end office buildings. 

According to the present invention, a class 5 switch hav,ng traffic volume 
firing only one T-IWF is still connected with two T-,WFs for protection. 
Conseouently.lossofoneT-IWF docs no, isolate the class 5 switch. Furthermore 
. class 5 switch must be able to maintain - few as one trunk group regardless of 
number of T-IWFs by which it is served. According to an embodiment, the class 
15 sw „ch 402 distributes its cans among the T-IWFs 404, 406, 408 in a load-sharing 
manner. Thus, loss of one of the T-.WFs 404, 406, 408 may degrade the trunking 

The optica, interface on the T-IWF 404, 406, 408 for connectmg w..h the 
SONET add/drop multiplexer (ADM) 4,0 (or an ATM switch 420, 430 when an 
20 ATM switch 420, 430 is located in the same end office building 400) supports the 
SONET M Automatic Protection Switching (APS) scheme, although deployment 
. ,■ , The ADM 410 connects the T-IWFs 404, 406, 408 to the 
of this feature is optional. The ADM 4iu conn 

420 430 in a load sharing manner. Exemplary ADMs are manufactured 
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T ucent Technologies Inc., and Nortel. 

404, 406, 40S is sing.e-ho.ned to an ATM switch 420, 430, wh,ie each ***** 
, bui ding 400 is multi-homed to multiple ATM switches 420, 430, preferably on 

i, A. T IWFs 404 406, 408 connected to the 
ATM host 420, 430 failure, although the T-TWFs 4U4, 

L ATM switch 420, 430 may be impacted. Preferabiy, the SONET transport 
^switchedring^SR). 

failures the ATM layer virtual pa* protection capability » a SONET/ATM hybnd 
-de may be supported. Further, the ATM VP ring functional*, may be 
IZ.edinto,heT-IW F 404,406,40Sa„d ai eATMswitches420,430.Accord 1 ng 

;;orsepa ra tedfro mm eT-.W F 404,406,40 8 toachieve ttl epote„t 1 a,bene fi ,sof 
ATM layer VP protection and transport layer effic.ency. 

ATM network 

An example ATM network environment, as relevant to the analysis of the 
faUure scenarios,isno W discussed. However, if an ATM network having a different 
tenure T-IWF SMS, etc. configurations from 

configuration is provided, alternate CS-1WF, T lwr, M 

e a in ihf fxemolarv ATM network, ATM 
those presently described may be preferred. In the exemplary 

switches are not protected with redundant ATM switches; nor are ATM vrtual 
25 1^.^-.— — 
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I.S01 . . 

The i + i protection of user network interface (UNI) interfaces on ATM swtches ,s 

M0K ress that are impacted by an ATM equipment or link farfure. 

ring ,,, a cut ring, to a proper, functioning ring. That is, two devices a, 
:lcl byW orings(oneac,ive ri n g andone 5te nd by rin g ) i n*eu S ua lm anne, 

When the active ring fails, the standby ring is actuated. 

In ord er to eliminate single points of total failure in the ATM network, the 
network must be constructed so that between any two end points a t 
completely disjointed routes traverse the ATM network. Consequently, the ATM 

network performance. The balanced intelUgent routmg - performed m know 



!5 manner. 



An ATM link failure occurs as result of a transport facility failure, such as a 
fiber cut Tlte ATM network therefore relies on known protection schemes m the 
rspletworktoreeoverfromsuchafailure. ,» the even, that the ATM s^tc 

period preferab,y.00n B ,durin g which.imed 1 eSONET.a y errecovery 1 s attempted 
.eamomen.a^degradationofthevoiceconnections.andmeeonnectedcallp^ 

lid link will then flag the associated ports as unavailable, and future calls wd, 
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automatical avoid the failed ,ink unti. i. is repaired. After the .ink is repaired, no 

"""" According to the present invention, ATM switching equipment failures only 
, inc.udef.luresofnon-redundantco.ponen.s.suchasun-protectedin^ 

or a whole switch. Exemplary ATM switches include the MainStreetXpress 36170 
Multiservices Switch or 670 RSP, both manufactured by Newbridge Networks 
Corporation; the GX 550 Smart Core ATM Switch, manufactured by Lucen 
Technologies Inc.; and the Passport 15000 Multiservice Switch, manufactured by 
, 0 Nort e. Networks Corporation. In an embodiment, common equipment m a, ATM 
swi ,ch, such as the switching fabric, the control processor, the power supply, wumg, 
to es, alarms, etc. are redundant Consequently, failure of one such umt has no 
im pact on the operation or the performance of the ATM switch. 

Redundant interface cards, however, are no, provided. Thus, when an un- 
, 5 protected interface card or port fails, calls being carried by that interface card or port 
are dropped. The ATM switches connected via the failed interface card or port w 1 

20 card or port, as is well known. 

to the exemplary ATM network, redundant ATM switches are no, provrded 
In 0 therwords,anATM switch dcs not have a standby. Thus, in the event ofato^ 
ATM switch failure, such as loss of the building, calls being carried by the ATM 

25 ^ Jto ^«ffl-*-^^to^^ ftb "^ Afl " ,taA ™ 
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switch is repaired, minimal manual intervention will be required in order for traffic 
t0 resume using that ATM switch, as is well known. 

SMS 

Figure 5 shows a sin g .e switch management system (SMS) unit 500. The SMS 

me T-IWFs and the CS-IWF, and the legacy operation support systems (OSS). 
Essentially, it controls management of the distributed switch and acts as a man- 

th e VTOA. According to one embodiment, it communicates with other network 
management systems invoived in the virtua. tandem, such as the operation support 
system of theATMnetworK.TheSMScanbe.c.atedeimerinacentralofflceor.n 
^cen^andshou.dbeNEBSicveUcomp.iant.ExempiarySMSsmciudeth 
OneLink Manager, from Lucent Technoio.es ,nc, and the Success Network 
Manager from Nortel Networks Corporation. 

. backup SMS unit (not shown) mat takes over if the primary SMS unit 50 fad, 
ba ckup SMS unit may support multipie primary SMS units 500, as d,c,a*d by 

building from the building housing the primary SMS unit 500. 

As seen in Figure 5, each SMS unit 500 maintains dual ATM hnks 5 .0, 520 

dual links 510, 520 allow control communications with the backup SMS umt, the T- 
IW Fs and the CS-IWF. In other words, each switch management system umt has 
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the ATM network. . , 

Each SMS unit must provide application redundancy withm ttself, w* 

automatic, transparent - * <* — ° f ^ ° f ^ „ 

:! PP icatiL may run side hy side in a single processor, or separate,™ two 

, 0 plnoffcephysicaip.atform is cor^sured so tna.it can compensate formed 
POrti0n in the event of failure of the active SMS unit 500, the switch of its ioad to the 

interface (GUI). For examp.c, the operations user should not have to re-boot ,h 
^puter or re-,og in to the computer, continue using. he GUI. Siower processtng 
Elands is acceptahle, and a,arms and/or no— of me switchover are 

ary. 

If m e active SMS unit 500 fails, the SMS as a system restores its operation m 

the following sequence: 

1. Essential surveillance such as status and critical alarms; 

2. Billing functions; 
25 3 , full surveillance capability; 
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20 necessary. 
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4. Configuration management; 

5. Performance management. 



5 Feriormance maua&*uw- 
Essentia. surveihance refers to capacities such as determining whether the VTOA 
switch is functional or nonfunctional, and determining the overall health of 
individual components of me network Biliing is se.f explanatory. FuU surveil.ance 
r efers to capabi.ities such as viewing ail state changes within the system, viewng 
alarms and events, e.g., a ca,d within a component that failed, etc. Configuration 
ma nage.nent refers to capabilities such as rearranging equipment and addmg new 
connection, Performance management refers to capabi.ities such as col.ecting data 
for such tasks as engineering or growth of the network. 

Each SMS unit has its own continually updated database. Each database ,s 
synchronized with the other VTOA databases. The database enables the five 
tactions discussed above and indudes such information as the system users 
networking software, the network inventory, security, etc. Awareness of the network 

topology is also provided by the database. 

Mmoughmeinventionhasbeen described with reference to several exemplary 
embodiments, i, is understood that the words ma, have been used are words of 
description and illustration, rather than words of limitation. Changes may be made 
within the purview of the appended claims, as present* stated and as amended, 
without departing from the scope and spirit of the invention in its aspects. Althoug^ 
the invention has been described with reference to particular means, matenals and 

embodiments, the invention is no. intended to be limited to the particulars disclosed; 

rather, the invention extends to al. functionally equivalent structures, methods, and 

uses such as are within the scope of the appended claims. 

to accordance with various embodiments of me present invention, me memods 
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described herein are intended for operation as software programs running on 
a computer processor. Dedicated hardware implementations including, but not 
limited to, application specific integrated circuits, programmable logic 
arrays and other hardware devices can likewise be constructed to implement 
5 the methods described herein. It should also be noted that the software 

implementations of the present invention can be stored on a tangible storage 
medium such as a magnetic or optical disk, read-only memory or random access 
memory and be produced as an article of manufacture. 
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